Background
Introduction
Over the past few decades the worldwide prevalence of obesity has dramatically increased and has become one of the most important public health issues [1] . Among other factors, urbanisation has been consistently associated with the obesity epidemic [1] . Nutritional transition exposes urban populations to a high-calorie diet, a low level of physical activity and sedentary behaviour, all risk factors in overweight and obesity [1] . Beyond weight status, measured by the body mass index (BMI), it has been shown that a high adiposity level (excess fat mass) increases risk of morbidity, especially of cardiovascular diseases [2] . Studies in Western countries have also highlighted that overweight weight and obesity are positively associated to mental disorders such as eating disorders and body dysmorphic disorders [3] . As a result, populations living in Western countries are faced with an ambivalent situation, where the prevalence of overweight and obesity is increasing while slimness is predominantly the desired body shape [4] . Given current urbanization rates, researchers have begun examining this ambivalence, especially in Africa [5] .
Body weight perception in Black populations has been assessed in both Africa and Western countries [6, 7] . In both areas, studies have shown that the sociocultural valorisation of adiposity is a risk factor for obesity in Black populations [8] [9] [10] [11] . Another issue tackled in the literature is the relationship between eating disorders, body dysmorphic disorders, and body weight perception among Black adolescents and adults living in urban areas of both developing and developed countries [12] [13] [14] . The results suggest an influence, through the media, of the modern conception of the ideal body size on body weight perception and on eating behaviours, especially in young adults [15] . Therefore, the literature highlights the necessity of understanding the changes in body weight perceptions to prevent high-risk eating behaviours and the incidence of obesity and associated diseases.
However, methodological issues limit our understanding of the relationship between body weight perception and biometric body size in African populations. So far, body weight perception has been assessed through qualitative and quantitative methods, including interviews [16] , focus group [17] , questionnaires [18] , and figural stimuli representing different body sizes [19] . Two types of figural stimuli, drawings and silhouette scales, are preferentially used because of their ability to visually depict various human body sizes. However, these tools have limitations. Firstly, the drawings may be approximate since they are based on body size estimates and not on actual human shapes, potentially leading to misperceptions of body size in respondents [20] [21] [22] . Secondly, existing African scales are usually based on White Caucasian populations, and don't fully cover the wide variability of phenotypes of Black populations, especially in morphology and skin colour [23, 24] . Thirdly, drawn scales are not developed using objective anthropometrical measures, limiting their use for comparing body weight perceptions to health outcomes [7, 21, [25] [26] [27] . In order to overcome these limitations, we designed the Body Image Scales (BIS) representing 6 real Cameroonian models selected according to their BMI [28] . Adapted to its ecological context, the BIS covers the variability of BMI of the Cameroonian population, but its ability to cover the adiposity variability is limited both by the number of models and the sole use of the BMI criterion. Additionally, the BIS contains only the frontview as most of body scales, whereas a recent study demonstrated the relevance of using both front and side-views in body image assessment [29] .
The aim of the present study was to develop and validate the Body Size Scale (BSS): a new scale of photos of real models, more representative of African phenotypes with regard to body size, and taking into account more measures of adiposity, in order to specifically assess body weight perception with the aim to relating it to health outcomes.
Methods

Body Size Scale development
Targeted populations. Subjects were recruited in the Niger-Congo region, the largest ethno-linguistic area of Africa that spreads from Western to Southern Africa. In this area, populations were selected among the Bantoid (Western African ancestry group) and the Bantu (Central African ancestry group) populations, known as linguistically distinct [30] , differing in macroscopic phenotypes in relation to their ecological context (lanky Western Bantoid in Sahel vs. stocky Bantu in the equatorial forest) [31] , and in genotypes [32] . For that reason, the Bantoid were selected in Senegal and the Bantu in Cameroon.
Sampling. 161 subjects (79 females) were sampled over a 2-month study in working-class neighbourhoods of Yaoundé (Cité Verte) and Dakar (Pikine). The participants in the development of the BSS were recruited as part of a neighbourhood health survey conducted by our team, where useful health information (BMI, glycaemia and blood pressure) was provided. Since the BSS focused on individuals of reproductive age, children, adolescents and elders only participated in the health survey and were not invited to take part in the BSS development. Pregnant women were also not invited since the body sharply changes during such a period.
Photos. In both cities, we rented a room in a house for one month. We installed our mobile photographic booth comprising a Canon EOS 450D camera (Tokyo, Japan) and an 18-55 mm lens, a tripod (set at a height of 1.0 m), a blue background (at a distance of 4 m from the camera), black skin-tight sportswear clothes. Through the network of our two informants in the field, we invited the neighbourhood residents to participate, only wearing the provided clothes (without jewellery or other distinctive objects). The participants stood on marks on the floor at 3.6 m from the camera, feet apart (0.5 m), arms wide apart from the torso (approximately 45°) and the palms of the hands facing outward. With the camera's maximum image dimension (4272x2848 pixels), we photographed the participants both full face and in profile (left side of the body) to take into account body size variability on both the mediolateral and the antero-posterior axes. Indeed, this latter axis is usually not represented in existing body scales even though its potential contribution to body image studies has been raised [29, 33] . The procedure was similar in both cities, conducted by the first author, in collaboration with the fourth author and two informants.
Anthropometric measurements. We measured participants using standardized procedures to evaluate their BMI, body fat percentage, body fat distribution and somatotype [34] . Weight was measured to the nearest 0.1 kg, using a digital beam scale (Tanita, Tokyo, Japan). Height was measured to the nearest mm using a portable stadiometer (Siber-Hegner, Zurich, Switzerland). In standing position, hip, waist, upper arm (flexed and tensed) and calf circumferences were measured to the nearest mm using a tape measure [34] . Skinfold thickness (biceps, triceps, suprailiac, supraspinal, subscapular and medial calf) were measured to the nearest mm using a Harpenden skinfold caliper (Holtain Ltd., Crymych, UK). Two bone breadths (biepicondylar humerus and femur) were measured using a Mitutoyo Dial Caliper (Mitutoyo America, Aurora, Illinois, USA) [35] . We calculated BMI as weight (in kg) divided by the square of height (in m) and waist to hip ratio (WHR). We estimated fat mass (percentage of fat) by summing biceps, triceps, suprailiac and subscapular skinfolds [35] . We used Somatotype 1.0 software (MER Goulding Software Development, Geeveston, Australia) to evaluate each individual somatotype profile from ten anthropometric measures (height, weight, tricipital, subscapular, suprasinal and medial calf skinfolds, biepicondylar humerus and femur breadths, arm (flexed and tensed) and calf circumferences) [36] . The ternary components of somatotype (mesomorphy, ectomorphy and endomorphy) were plotted to represent participants' index of musculature, slimness and fat, respectively.
Selection of models. Nine participants per sex were selected as models for the BSS after we carefully ensured both representative anthropometric variability and progressive adiposity gain along the scale. In our sample, the BMI frequency distribution led us to select the following number of models per BMI category: 1 in underweight (BMI 18. ). We selected 3 models for the normal weight category and 2 for the overweight category because these categories are the most common in human populations. In addition, the models were selected by taking into account variability in body fat percentage and in endomorphy (fat component of the somatotype) in our sample. Adobe Photoshop CS software (Adobe Systems Inc, San Jose, CA) was used to edit the photos, mask the faces, remove the shadows and color the background in white.
Body Size Scale validation
Population. In both urban and rural areas of Cameroon (Yaoundé, Bafoussam and Metet regions), we carried out a validation protocol following the standard procedure [37] . Households were randomly chosen by going door to door to every third house. Among adults of each selected household, we recruited one female and/or one male, and obtained their agreement to participate.
Body Size Scale use. For administering the BSS, the photos were randomly numbered from 1 to 9 and shuffled before asking the participants to sort the photos in ascending order of adiposity, without providing any information as to the anthropometric data associated with the models [37] . The male scale was given to males, and the female scale to females. In French, we evaluated the participant's current body size (CBS) by asking "Peux-tu montrer l'image qui te ressemble le plus?" [Can you point out the model who looks like you the most?]. We evaluated the desired body size (DBS) by asking "Peux-tu montrer l'image à laquelle tu veux ressembler le plus?" [Can you point out the individual that you most want to look like?]. The CBS and DBS scores were defined as the number of the photo that the participants pointed out. We calculated the "desire to gain weight index" by subtracting the CBS from the DBS (DBS-CBS): a positive value indicates the desire to gain weight; a negative value, the desire to lose weight. We calculated the "body self-satisfaction index" as the absolute value of the "desire to gain weight index": the higher the index value, the lower the body self-satisfaction [38] .
Construct validity. To evaluate the construct validity of the BSS, we checked whether participants were able to order the BSS models by increasing adiposity along the scale [39] . We recruited 101 adults (45 females, 56 males) in rural Cameroon and 102 adults (51 females, 51 males) in urban Cameroon. Firstly, the participants were asked to re-arrange the photos without any specific instructions, to assess whether they had unconsciously integrated the progressive adiposity scale of the BSS. Then, we asked them to re-arrange the photos in ascending order of adiposity, using three words identified in a previous article as covering different local representations of body size: "gros" [big], "gras" [fat] and "corpulent" [stout] , from the smallest to the largest size [28] .
Test-retest reliability. To evaluate the reliability of assessing the CBS, the DBS, the "desire to gain weight index", and the "body self-satisfaction index", we administered the BSS as previously described twice (2 weeks apart) with 105 participants living in two Cameroonian cities, Bafoussam and Metet.
Convergent validity. To assess the convergent validity, we recruited 1116 adult Cameroonians living in Bafoussam, Metet and Yaoundé (599 females, 491 from rural areas). The aim was to compare the results from the BSS to information obtained by both objective anthropometric measures and an interview-administered questionnaire, as done in previous studies [20, 40] . We measured participants' weight and height, and we derived the BMI, and overweight and obesity statuses. The following question was asked by questionnaire: "Voulez-vous perdre du poids, prendre du poids ou garder votre poids actuel?" ["Do you want to lose weight, gain weight or keep the weight you have now?"]).
Statistics
The main characteristics of the three samples were described with means (± Standard Deviation, SD) and percentages.
In the sample used for the design of the BSS, we described the anthropometric variables through means (± SD) and compared them depending on the country of origin (Senegal vs. Cameroon) using analysis of variance. The comparisons of variables concerning body fat were adjusted for age. The somatotype analysis provided the somatotype status of each subject (endomorph, mesomorph or ectomorph). Frequency comparisons were then carried out to test the differences in somatotype status in regard to the country of origin, by using Fisher's exact test. In the sample assembled for assessing construct validity, we calculated Cohen's simple and weighted Kappas to compare agreement between the right ranking and the rankings established by the participants (no instructions, big, fat and stout). In brief, the simple kappa indicates whether the participant has or has not placed each photo in its expected position (right or wrong answer), while the weighted kappa takes into account the degree of error when wrong. For example, if the 4 th photo is placed in the 5 th position instead of the 4 th , the simple kappa considers the answer wrong and the weighted kappa ascribes a lower degree of error than if the 4 th photo was placed in the 8 th position. The analysis was carried out separately depending on the sex and the living area in Cameroon. The test-retest reliability for assessing CBS, DBS and a "desire to gain weight index" was evaluated using Spearman's correlations, Cohen's simple and weighted Kappas.
For convergent validity, we first assessed concurrent validity by estimating the Spearman's correlation between the CBS and the objective BMI based on anthropometric measurements. Then, the ability of the CBS to predict overweight (yes vs. no) and obesity (yes vs. no) was assessed by estimating sensitivity (true positive rate) and specificity (true negative rate). This analysis was carried out separately for males and females. Finally, we assessed the ability of the BSS to predict the "desire to gain weight index", and the ability of the "body self-satisfaction index" to predict these same indexes as obtained through interview-administered questionnaire elicitation, as previously carried out for validation studies of other body scales [41] [42] [43] .
Statistical analyses were performed using SAS 9.3 software (SAS Institute, Cary, NC).
Ethical standards disclosure
This study was conducted according to the guidelines laid down in the Helsinki Declaration and all procedures were approved by the Institutional Ethics Committee of the Institute of Medical Research and Medicinal Plant Studies of Cameroon. Verbal informed consent was obtained from all subjects. Verbal consent was witnessed and formally recorded.
Results
Development of the Body Size Scale
Anthropometric characteristics. S1 Table shows the anthropometric characteristics of the screened participants in the BSS development. In males, the Senegalese were 6 cm taller (p < 0.001) and had lower BMI (p < 0.01) and waist circumference (p < 0.001) than Cameroonians. In females, the Senegalese were 5 cm taller (p < 0.001), and had a lower BMI than Cameroonians (p < 0.05). Overall, Senegalese had a lower degree of mesomorphy (p < 0.001 for males, p < 0.05 for females) and a higher degree of ectomorphy (p < 0.001 for males, p < 0.01 for females). These results on the participants' somatotypes are summed up by the somatocharts in Figs 1 and 2 , for males and females respectively. The Cameroonian males were more likely to be mesomorph or endomorph, while Senegalese males were more likely to be mesomorph or ectomorph (p < 0.001). In females, differences were less pronounced since both Cameroonians and Senegalese were situated between endomorphy and mesomorphy, despite a subgroup shifted to the central and ectomorph region, especially among Senegalese females (p < 0.05).
The Body Size Scale. Figs 3 and 4 show the photos of the 9 males and the 9 females selected as models for the BSS, together with their corresponding anthropometric data. For both scales, the models were ranked by increasing adiposity, as assessed by three anthropometric criteria: endomorphy, body fat percentage and BMI.
Body Size Scale validation
A total of 201, 103 and 1115 Cameroonians were enrolled to respectively assess construct validity, test-retest reliability and convergent validity. Descriptive characteristics of these three independent samples are described in Table 1 . Table 2 presents the results of the construct validity for the 201 participants from rural and urban areas. Males were more likely than females to set the BSS in the right order, regardless of the instructions given to participants. Except for in spontaneous order, all kappa coefficients were higher than 0.70 for males, which indicates good to excellent agreement between the participants' and the expected rankings. However, males from rural areas consistently had lower kappa coefficients than those from urban areas. For females, the kappa coefficients were moderate to good. Compared to the females from urban areas, females from rural areas were more likely to spontaneously place the photos in the right order (without instructions) and to order the photos from the least big to the biggest. With regard to fatness and stoutness, rural and urban females had comparable kappa coefficients.
The results of test-retest reliability among the 103 participants are shown in Table 3 . Correlations between the first and second assessments of Current Body Size (CBS), Desired Body Size (DBS) and the "body self-satisfaction index" were calculated for males and females. In both sexes, the correlation coefficients were found to be close to 0.60 and the weighted kappa coefficients were between 0.43 and 0.47 (moderate agreement between the first time tested and the second). Only the correlation coefficient and the weighted kappa coefficient were lower for the DBS in males (ρ = 0.39 and weighted κ = 0.27).
Concurrent validity was assessed by calculating the correlation between CBS and BMI. Spearman's coefficients were 0.72 for males and 0.59 for females (both p < 0.001). Table 4 shows sex-specific sensitivity and specificity of the BSS regarding predictions as to overweight and obesity status, desire to gain weight and body self-satisfaction, assessed based on the sample of 1104 Cameroonians. As an example, 76% and 90% of overweight males and females (objective BMI > 25 kg/m 2 ) were correctly identified as overweight (sensitivity) by the CBS (assessed using the BSS). The specificity was slightly lower, with 72% and 64% of the non-overweight (objective BMI < 25 kg/m 2 ) males and females identified as non-overweight (specificity) by the CBS. Overall, all values of sensitivity and specificity were higher than 70%, except sensitivity to obesity in males (51%), and specificity of overweight in females (64%). 
Discussion
Our study presented the development and validation of the Body Size Scale (BSS), a sex-specific scale to assess body weight perception in African populations. It consists of two subscales of 9 photos of real Black models differing in their adiposity level, defined using three adiposity criteria: BMI, fat mass (skinfold thicknesses), and somatotype endomorphy component. A validation protocol was carried out in Cameroon and covered construct validity, test-retest reliability and convergent validity. Overall, this protocol gave moderate to excellent results concerning reliability, accuracy and precision of the BSS in Cameroonians.
The first strength of the BSS is that it overcomes major methodological issues by representing real Black models of each sex, and using both front and side views, as recently suggested [29] . So far, most existing body size scales aimed at assessing individual body weight perception use silhouettes or drawings [20, 21, 44] . Only a few used photos of real models [39, 40] , especially in Africa [45] . Yet, the use of non-Black models or drawings could lead to misestimating body weight perception in Black participants. Moreover, some scales do not represent both sexes [21, 22, 40, 45] . Last, drawings or models are usually represented from the front [39, 40, 45] , sometimes three-quarters [20] or in profile [22] , but rarely from both front and profile [46] . This issue is critical since a profile view provides a representation of abdominal obesity [29] . Only computerized three-dimensional body image could constitute an alternative. In general, the method consists of asking participants to press a button to select their CBS or DBS on the screen with specific software [47] . Nevertheless, carrying a computer into the field to create in situ a digital simulation of body variation may not be convenient in some cases. The use of three-dimensional computer-generated images can save having to bring a computer to the field but this method remains less realistic than actual human photographs. The second strength of the BSS is the wider variability of African body size phenotypes, due to a higher number of models on the scale (9) and the use of 3 different adiposity criteria (BMI, fat mass and endomorphy) displaying high anthropometrical variation since Cameroonians and Senegalese have contrasted somatotype statuses. Other anthropometric criteria were not considered in the development of the BSS, including waist-to-hip ratio and the two other components of somatotypes (ectomorphy and mesomorphy). Indeed, our primary aim was to depict body size rather than body shape (i.e. shoulder and buttocks width) [48] in order to study body weight perception related to health outcomes due to adiposity.
The validation protocol provided evidence of the reliability and accuracy of using the BSS in Cameroonian populations. Firstly, the participants' ability to correctly order the models by increasing adiposity based on three different words to define body weight was substantial to excellent (construct validity) since the weighted kappas were between 0.52 and 0.87. Second, test-retest reliability carried out 2 weeks apart were moderately good with correlation coefficients between 0.39 and 0.60 for CBS, DBS and the "desire to gain weight index". Third, concurrent validity was good, since the correlation coefficients between CBS and BMI were 0.72 for males and 0.59 for females. The lower correlation for females could be explained by the fact that fat mass is scattered over several areas of the female body (legs, abdominal and gluteal regions), whereas in males the fat mass is more localised in the abdominal region [49] . Fourth, the assessment of convergent validity gave relatively high predictive values for participants' overweight and obesity status, declared desire to gain weight and declared satisfaction in body weight. Overall, the reliability and the accuracy of the BSS were similar to other existing body size scales [50] . The main limitation of the BSS is that it was validated in Cameroon only. Even if body scales have been used with populations other than those for which they were initially developed [23, 51] , the BSS may need to be validated for other African populations elsewhere in Africa or living in Western countries. The second limitation is that the BSS was not developed to evaluate aesthetic aspects since it is adapted to the assessment of body weight perception in relation to metabolic health outcomes through adiposity. Indeed, the study of aesthetic aspects and of sexual attractiveness would need to design a body shape scale taking into account other specific anthropometric criteria, such as WHR and the ectomorphy and mesomorphy components of somatotype [52] . In the near future, it will be possible to develop a specific body shape scale by integrating in its design specific anthropometric criteria such as WHR and the ectomorphy and mesomorphy components of somatotype related to sexual attractiveness [53] .
Conclusion
To conclude, the BSS is a reliable tool for assessing body weight perception in African populations. It enables characterization of the relationship between the social valorisation of overweight and obesity and associated metabolic diseases, by identifying potential misperceptions of adiposity levels. The BSS may also be used in comparative studies to assess differences in Table 3 . Spearman's correlation and Cohen's simple and weighted kappas corresponding to the testretest reliability of the Body Size Scale to assess current body size, desired body size and desire to gain weight in Cameroonians males and females. Table 4 . Values of sensitivity and specificity of the Body Size Scale to identify overweight and obesity in both sexes, and the body weight self-satisfaction and the desire to gain weight in the overall sample.
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